Penile prosthetics have developed over the past three decades into an effective treatment for erectile dysfunction with high reliability and patient satisfaction rates. The morbidity of these devices is principally limited to mechanical malfunction and the most feared complication of prostheses infection.
Introduction
Prosthetic implants to restore erectile function have been used successfully for many years. Indeed, the introduction of the inflatable penile prothesis by Scott et al in 1973 initiated the modern era of evaluation and treatment of erectile dysfunction. 1 This sentinel work began the active use of prosthetic devices and the active treatment of erectile dysfunction by urologists. Other prosthetic devices have also been used, however, the inflatable penile prosthesis is the most often implanted prosthesis today in the US. 2, 3 These devices are constructed of silicone elastomer, a material developed in the late 1960's from the US space program. 4 The material is well tolerated and is more rapidly modeled into effective implantable devices than earlier materials. 5 A multicenter study published in 2000 reports a greater than 90% 5-y and greater than 70% 10-y survival with more than 90% of patients satisfied with the function of their prosthesis and willing to undergo implantation of a penile prosthesis subsequently. 6 This study is mirrored by other single and multi-institutional studies of various penile implants. 7 -9 Despite long-term use and laudable successes, challenges and complications, as well as morbidity may be associated with some penile prosthesis implantation.
Penile prosthesis infection
While infections in penile implants are rare, accounting for 2 -8% of penile prosthesis procedures, infection is the most disastrous complication. Infections can range from superficial wound infections, easily treated with local care and antibiotics, to penile gangrene, a disastrous complication associated with penile tissue loss. The majority of penile prosthesis infections, if identified early, can be treated effectively with removal and subsequent reimplantation of a penile prosthesis or a salvage procedure with expected return of prosthetic function and preservation of penile tissue. 10 Penile prosthesis infections can be divided into clinically apparent and subclinical infections. Clinically apparent infections can be diagnosed based on symptoms such as onset of penile pain, erythema and induration overlying a portion of the prosthesis. These symptoms may be associated with fever, fluid drainage from the wound and ultimately device extrusion. While most of these infections occur in the early post-operative period, late infections probably hematogenously contracted, have also been documented. 11 Most infections that occur within the first 24-months following surgery are probably as a result of bacterial colonization and contamination at the time of surgery with symptoms and signs beginning only later. These infections are most often associated with Staphylococcus epidermidis infections on culture. 12 This association is not always present as Licht and co-workers found low colony counts of S. epidermidis in as many as 40% of uninfected penile prostheses and 36% of artificial urinary sphincters cultured at the time of revision surgery for mechanical malfunction. 12 During subsequent follow-up, less than 10% of these prosthetic devices, all with high bacterial colony counts, eventually progressed to penile prosthesis infection.
Subclinical prosthetic infections occur more frequently. These infections, which are often manifest as chronic prosthesis associated pain, are difficult to diagnose and even more challenging to treat. Device pain or migration strongly suggests that subclinical infection is present and requires antibiotic therapy and frequently prosthesis removal and substitution. Parsons and co-workers have documented pain resolution by prothesis removal with antibiotic irrigation and substitution of a new prosthetic device in a group of patients with prolonged isolated penile pain without other symptoms on physical examination. 13 They have been successful in 90% of patients by exchanging prostheses and continuing system antibiotics for 24 -48 h using vancomycin to target S. epidermidis. Irrigation is performed intraoperatively with a combination of vancomycin and protamine to break up and emulsify bacterial biofilm. These investigators recommend an initial course of systemic antibiotic therapy. If antibiotics suppress pain they should be continued for 10 -12 weeks. If pain fails to resolve or rapidly returns after antibiotic succession, surgical intervention is appropriate. Antibiotics suggested include ciprofloxacin 500 mg twice daily for 10 -12 weeks with an expected 60% success rate. Success rates with cephalosporins such as cephalexin or cephradine 500 mg four times daily for 10 -12 weeks have expected success rates of 25 -30%. Similar trials have been successful in orthopedic prostheses using a combination of antibiotic agents, including rifampin. 14 Dranencort et al reviewed two antibiotic combinations for the treatment of staphylococcus infections in orthopedic implants. 15 The optimal treatment combination was rifampicin 900 mg daily with ofloxacin 600 mg twice daily for months. An alternative to oral rifampicin and ofloxacin was the combination of oral rifampicin and intravenous fusidic acid 1.5 g daily. The overall success rate for antibiotic treatment was 50% in this group.
Intraoperative and preoperative detection of these infections are difficult. Indeed, Licht and co-workers demonstrated the inaccuracy of intraoperative Gram stain in a suspected penile prosthesis infection. 12 Chimento et al have reviewed Gram stain detection of infection of orthopedic joint prostheses and demonstrated 0% sensitivity for detecting infection. 16 In grossly infected and suspected infected prostheses, surgical intervention along with antibiotics is of crucial importance. Salvage surgery for prosthesis removal with wound irrigation and subsequent reimplantation is the most effective alternative in surgical intervention. 17 
Irrigation is then carried out in all areas where the penile prosthesis resided. This irrigation is best performed using a Robinson catheter directed irrigation fluid into all pockets in a step-wise fashion. Mulcahy and colleagues recommend a sequence of irrigating solutions, including kanamycin (80 mg=l) and bacitracin (1 g=l) in normal saline followed by half strength hydrogen peroxide, half strength providone-iodine solution, 5 l of pressurized normal saline containing vancomycin (1 g) and gentamycin (80 mg), half strength providone-iodine, half strength hydrogen peroxide, and finally another kanamycin bacitracin solution irrigation, gloves, instruments and drapes are changed, and new sterile prostheses are inserted. 17 Patients are treated perioperatively with antibiotics, including ciprofloxacin 500 mg twice daily for 4 weeks. Antibiotics may be modified based on culture and sensitivity results. Brant and co-workers reported successful salvage in 10 out of 11 patients (91%) with 21.3 month mean follow-up. In nine out of 12 patients the principal pathogen was S. epidermidis. 18 In patients with infections associated with extrusion or exposure of prosthetic device portions, including patients with gross purulence, immune compromise, or severe diabetes, a more conservative method for management of infected penile prosthesis may be necessary. In these situations, the removal of all foreign body penile prosthesis complements is essential for the treatment of areas and pockets in a manner similar to abscess drainage. Suction drains should be placed in the corpora cavernosa, intrascrotally in the area occupied by the prosthetic reservoir. Suction drains are maintained with instillation of antibiotic solutions every 8 h post-operatively. These drains exit suprapubically or penoscrotally and the wound is left open to heal by secondary intention with antibiotic soaked dressings. Each drain is sewn to the skin with nonabsorbable suture and thorough antibiotic irriga-tion with the entire wound is carried out in the operating room at the time of prosthesis removal. Failure to remove all portions of the prosthesis may result in continued drainage, infection and failure of the infection to resolve. 19 The culture and sensitivities of any purulent material are evaluated from each area of prosthesis removal for planning of antibiotic coverage. Maateman and Montague describe four intracavernosal suction drains after infected prosthesis removal. 20 An additional alternative for drainage of corpora cavernosum cavities includes the use of t-tubes as described by Kim and colleagues. 21 Secondary closure of the skin incision and wound may be attempted after 3 -5 days, if appropriate. Some investigators had success with rapid reimplantation after penile prosthesis removal and treatment. The more conservative practice is to allow 90 -120 days of healing before prosthesis replacement.
Rapid replacement or salvage in patients with localized prosthetic erosion and colonization remains controversial. Furlow and Goldwasser have reported a salvage approach in these eroded prostheses with successful return of function. 22 They treated 32 patients with single component infections or erosions by replacing the eroded component with vigorous irrigation and replacement in an area not previously operated upon. Salvage procedures were successful in seven out of nine patients treated without prosthesis removal. Other investigators have reported similar results. Because the prostheses are multicomponent, the risk that other areas of biofilm will contain bacteria is significant. 23 Removal of all parts of the prosthesis with a new device implanted is a safer, more conservative course.
The ultimate in infection complications is that of genitourinary gangrene. 24, 25 In this situation, rapid prosthesis removal is imperative. Thorough irrigation, broad spectrum antibiotics to include coverage for anaerobic bacteria such as Bacteroides fragilis and treatment similar to that for Fournier's gangrene may result in improved post-operative results. 10 The addition of hyperbaric oxygen treatment may salvage some tissues in selected patients. Despite aggressive early intervention, however, significant tissue loss and disability can be expected and the outcome of these infections rarely results in the salvageable penis for later prosthesis implantation.
The most important aspect of penile prosthesis infection is assessing risks and avoiding prosthetic infections. While diabetes, in general, does not appear to be a risk factor for increased prosthetic infection nor is glycosylated hemoglobin A1C a predictor, reconstructive procedures using foreign bodies such as Gore-Tex or Dacron do appear to increase the risk of prostatic infections. 26 -28 Similarly, patients with paraplegia, spinal cord injury and other neurologic deficits seem to have increased risk for prosthetic infections. 29 Prosthesis associated infection risks increase from approximately 8 to 33% in those patients with spinal cord injury.
Prevention of perioperative surgical infection is the most important aspect of penile prosthesis implantation and management. Short preoperative stays have been documented to maintain low virulence and high antibiotic susceptibility of skin flora. 10 Preoperative preparation must include the elimination of remote infection sites can produce contamination and hematogenous spread of infection following surgery. The use of prophylactic perioperative antibiotics for implantation of genitourinary and prosthetic devices has become routine. Targeting the most common organisms that produce infections is the best method for choices of antibiotics. These targets include S. aureus and S. epidermidis. Cephalosporins, fluoroquinolones and clear bacterial agents that target these organisms, usually poly sensitive, are the best antibiotic choices. Schwartz and co-workers investigated the antibiotic tissue levels in the corpora cavernosa in patients receiving penile protheses and found that oral fluoroquinolone prophylaxis was equally effective in obtaining high tissue levels in the corpora cavernosum as gentamycin -cefazolin combinations. 30 In order to be effective, these antibiotics must be administered 1 -2 h prior to beginning of surgery with intraoperative or post-operative antibiotics being significantly less effective in preventing wound infection. Antibiotics may be discontinued after the threat of bacterial colonization has passed, usually within 36 h of surgery. 31 
Conclusion
Penile prosthesis complications, although rare, require vigilance in attention to detail. Infection continues to be the most dreaded complication of these penile implants and indeed all prosthetic surgery. With careful perioperative technique and prevention measures infections can be maintained at a minimum. Once identified, infection can frequently be treated with salvage techniques with a resultant functional penile prosthesis and high patient and partner satisfaction. 32 
